A molecular epidemiological study was performed by using FTA card materials directly sampled from lesions of patients with cutaneous leishmaniasis (CL) in the state of Lara, Venezuela, where causative agents have been identified as Leishmania (Viannia) braziliensis and L. (Leishmania) venezuelensis in the past studies. Of the seventeen patients diagnosed with CL, Leishmania species were successfully identified in sixteen patients based on analyses of the cytochrome b and ribosomal RNA internal transcribed spacer sequences. Consistent with previous findings, seven of the patients were infected with L. (V.) braziliensis. However, parasites from the other nine patients were genetically identified as L. (L.) mexicana, which differed from results of previous enzymatic and antigenic analyses. These results strongly suggested that L. (L.) venezuelensis is a variant of L. (L.) mexicana, and the classification of L. (L.)
Introduction
Leishmaniasis is caused by protozoan parasites of the genus Leishmania, which is further divided into two subgenera, Leishmania (Leishmania) and Leishmania (Viannia). 1 The disease is widely distributed around the world especially in tropical and subtropical areas, affecting at least 12 million people in 88 countries. 2 Approximately 20 Leishmania species are known to be pathogenic to humans, and species is the major determinant of clinical outcome (cutaneous, mucocutaneous and visceral forms). 2 Therefore, identification of the parasite species in given endemic areas is important for both appropriate treatment and prognosis.
The standard method for the classification of Leishmania species is multi-locus enzyme electrophoresis (MLEE), which requires the isolation and mass culture of the parasites. 3, 4 To overcome the disadvantages of MLEE, molecular biological methods have been developed for the detection and identification of Leishmania species using DNA extracted from clinical materials such as biopsy samples. [5] [6] [7] Recently, to facilitate the sample collection and DNA extraction processes, a FTA card, a filter paper that readily lyses the spotted materials and fixes nucleic acids, was used for direct sampling of patients' materials in an epidemiological study of leishmaniasis. 8 Cutaneous leishmaniasis (CL) is endemic in the state of Lara located in western Venezuela, and the causative parasites have been identified as Leishmania (Viannia) braziliensis and Leishmania (Leishmania) venezuelensis. [9] [10] [11] [12] L. (L.) venezuelensis was originally described on the basis of distinguishable MLEE patterns as a species independent of other members of the L. mexicana complex 9, 10 . Further, a serodeme-based analysis using a panel of monoclonal antibodies was performed to differentiate New World Leishmania species including L. (L.) venezuelensis 13 , and then a monoclonal antibody specific for L. (L.) venezuelensis was developed for identification using immunological methods 14 since the species is difficult to maintain in the axenic culture required for MLEE. L. (L.) venezuelensis occurs in western Venezuela, mainly in the state of Lara [9] [10] [11] [12] , and is not well-characterized, especially in terms of its genetics. To date, two genes, the ribosomal RNA (rRNA) internal transcribed spacer (ITS) region and the mini-exon gene, have been analyzed in the culture stock of L. (L.) venezuelensis strain PM-H3; however, both gene sequences showed greater homology with those from strains of L. (L.) major in spite of a member of L. mexicana complex 15, 16 , suggesting that the present culture stock of strain PM-H3 may not retain the original features. Unfortunately, other strains of L. (L.)
venezuelensis have never been analyzed on the genetic level because of the difficulty to maintain as a culture. Moreover, no genetic analysis has been performed on parasites 5 collected directly from patients' lesions in endemic areas.
Here, a molecular epidemiological study was performed by using FTA card materials directly sampled from lesions of patients with CL in the state of Lara, Venezuela, and the causative species for CL in this area were genetically characterized. 6 
Materials and methods

Sample collection
Seventeen clinical samples were included in this study. punched out from each filter paper and washed three times with FTA Purification Reagent (Whatman) and once with Tris-EDTA buffer. The disks were air-dried and directly subjected to PCR amplification.
Identification of Leishmania species
Leishmania species were identified by an analysis of the cytochrome b (cyt b) gene. 8, 17, 18 Amplification with a pair of specific primers, L.cyt-AS Ecuador (DCL An), and the genetic distance between Venezuelan specimens and the reference strain was shorter than distances between the reference strain and L. (L.) mexicana from Andean highland areas of Ecuador (Huigra1, Hu1-7G, Hu1-11B and Hu2-5F) (Fig. 2B ).
In addition, the isolates from the Venezuelan patients were located some distance from L. (L.) venezuelensis PM-H3, which unexpectedly occurred in a clade of L. (L.) major (Fig. 2B ). 15 Based on these results, the parasites from the nine Venezuelan patients detected in this study area were genetically identified as L. (L.) mexicana. 13 
Discussion
In the present study, using FTA cards as direct sampling media, an epidemiological study of leishmaniasis was performed in the state of Lara, Venezuela.
Of the 17 specimens, 16 were successfully identified based on analyses of the cyt b, MPI, and ITS genes. A case (V-8) with positive for smear-test but negative for PCR was probably caused by an unsuccessful sampling onto FTA card after scratching.
There is no longer any doubt about the diagnostic value of molecular biological methods for leishmaniasis. For the classification of Leishmania species, several genetic markers have been studied. 15, 17, [25] [26] [27] [28] [29] [30] [31] FTA cards were recently used for the less invasive dry collection of specimens from patients with CL. 8 The Concerning L. (L.) venezuelensis, the rRNA ITS region and mini-exon gene have been analyzed in the culture stock of strain PM-H3 isolated from a patient in the same study area of Venezuela. 15, 16 As far as we know, strain PM-H3 is the only culture Further extensive study, therefore, will be required to clarify the discrepancy between the present and previous observations. In addition, since genetic information on each HK is guarantor of the paper.
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